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Abstract. Parsons puzzles are popular for programming education. Identifying
the strategies used by students solving Parsons puzzles is of interest because they
can be used to determine to what extent students use the strategies typically as-
sociated with programming expertise, and to provide feedback and monitor the
progress of students in a tutor. We propose solution sequence as an approxima-
tion of the student’s strategy for solving Parsons puzzles. It is scalable in terms
of both the size of the puzzle and the number of students solving the puzzle. We
propose BNF grammar to represent desirable puzzle-solving strategies associated
with expert programmers. This representation is extensible and agnostic to the
puzzle-solving strategies themselves. Finally, we propose a best match parser that
matches a student’s solution sequence against the BNF grammar of a desirable
strategy and quantifies the degree to which the student’s solution conforms to the
desirable strategy. As a proof of concept, we used the parser to analyze the data
collected by a Parsons puzzle tutor on if-else statements over five semesters and
found a significant difference between C++ and Java puzzle-solvers in terms of
their conformance to one desirable puzzle-solving strategy. Being able to tease
out the effects of individual components of a strategy is one benefit of our ap-
proach: we found that relaxing shell-first constraint in the strategy resulted in
significant improvement in the conformance of both C++ and Java students.

Keywords: Parsons puzzle, Puzzle-solving strategy, Context Free Grammar,
Evaluation.

1 Introduction

Parsons puzzles were first proposed to “provide students with the opportunity for rote
learning of syntactic constructs” in Turbo Pascal [13]. In a Parsons puzzle [13], the
student is presented a problem statement, and the program written for it. The lines in
the program are provided in scrambled order. The student is asked to re-assemble the
lines in their correct order.

Parsons puzzles have been proposed for use in exams [2], since they are easier to
grade than code-writing exercises, and yet, scores on Parsons puzzles correlate with
scores on code-writing exercises [2]. Researchers have found solving Parsons puzzles



to be part of a hierarchy of programming skills alongside code-tracing [11]. In elec-
tronic books, students have been found to prefer solving Parsons puzzles more than
other low-cognitive-load activities such as multiple choice questions and high-cogni-
tive-load activities such as writing code [4]. Solving Parsons puzzles was found to take
significantly less time than fixing errors in code or writing equivalent code, but resulted
in the same learning performance and retention [3]. So, Parsons puzzles have been gain-
ing popularity for use in introductory programming courses.

Each Parsons puzzle has only one correct solution. So, the correct solution, i.e., the
final re-assembled program will be the same for all the students. However, the temporal
order in which students go about assembling the lines of code will vary among the
students. This order indicates their solution strategy influenced by their understanding
of the syntactic and semantic relationships among the lines of code, e.g., assembling a
declaration statement before an assignment statement; or assembling the entire shell of
a control statement before filling in its contents.

Recently, there has been interest among researchers in identifying the solution strat-
egies used by students when solving Parsons puzzles. One study on Python Parsons
puzzles [7] observed that some students re-assembled the lines using “linear” order,
i.e., the random order in which the lines were provided. These researchers also observed
backtracking and looping behavior, which were unproductive. Another preliminary
study on Python Parsons puzzles observed that experts used top-down strategy to solve
the puzzles [8], i.e., function header first, followed by control statements and eventu-
ally, individual statements. In another study of a Python Parsons puzzle tutor [5], re-
searchers found that one common strategy was to focus on types of program statements.
Novices often grouped lines based on indentation, whereas experts often built the solu-
tion top-down, demonstrating a better understanding of the program model. This study
used think-aloud protocol and audio/video recordings to identify puzzle-solving strate-
gies of novices and experts.

The benefits of identifying puzzle-solving strategies of students are manifold. Re-
search shows that the strategies used by novices are different from those used by experts
for programming tasks [15]. Experts use a strategy of reading a program in the order in
which it is executed, and this leads to the development of a hierarchical mental model
[12]. Expert programmers show more evidence of using a hierarchical mental model
when understanding a well-written program than novices [6]. Moreover, a novice’s suc-
cess in learning to program is influenced by the student’s mental model of programming
[1,14]. So, identifying a student’s puzzle-solving strategy helps:

e determine whether the student is using the strategies typically used by experts;

o provide feedback to nudge the student towards adopting the successful strategies

used by experts with the expectation that doing so will help the student develop
the mental models associated with programming expertise, and thereby become
a better programmer himself/herself, which is the goal of using Parsons puzzles;
and

e determine whether the puzzle-solving strategy of students improves with prac-

tice when they use a tutor.

In order to identify the solution strategies used by students when solving Parsons
puzzles, we propose 1) solution sequence as an approximate linear representation of



their puzzle-solving behavior; 2) BNF grammar as a flexible representation of desira-
ble solution strategies; 3) a best-match parser that matches a student’s solution se-
quence against the BNF grammar for the puzzle to quantify the student’s conformance
to a desirable solution strategy. As a proof of concept, we apply our approach to analyze
the solution strategies of students in data collected by a Parsons puzzle tutor on if-
else statements.

2 The Solution

2.1  Action Sequence, Inner Product and Solution Sequence

Think-aloud protocol has been used to identify puzzle-solving strategies [5,8]. But, this
protocol is expensive and not scalable to larger numbers of students. The other approach
used to identify strategies is the conversion of interaction traces (log data) into state
diagrams [7, 8], where states represent snapshots of the solution in progress. But, this
approach leads to combinatorially explosive number of states for any puzzle that con-
tains more than a few lines of code, and is hence, not scalable to larger puzzles.

Instead, we propose to represent the student’s puzzle-solving behavior as the tem-
poral order in which the lines of code in the solution are assembled in their correct
spatial location, e.g., if the puzzle contains 5 lines, and the student starts by placing line
3 in its correct location, followed by lines 1, 5, 2 and 4 in their correct locations, we
represent the puzzle-solving behavior of the student as the solution sequence [3, 1, 5,
2, 4].

Solution sequence is itself derived from the action sequence of the student, which
is the sequence of actions carried out by the student to solve a Parsons puzzle. We make
a simplifying assumption to generate the solution sequence from action sequence. A
student may move a line of code multiple times in the process of solving the puzzle.
But, in order to generate the student’s solution sequence, we consider only the last time
the student moves the line before arriving at the correct solution for the puzzle, e.g.,
suppose the student moves the lines of a puzzle containing 5 lines in the following
order: 3, 5,4, 2, 1,5, 2, 4, which is the student’s action sequence. The corresponding
solution sequence is calculated as the inner product of the action sequence and the
time of submission of the correct solution (shown in Figure 1). The resulting solution
sequence is [3, 1, 5, 2, 4] corresponding to the order in which each of the 5 lines was
last placed in its correct location in the solution. This inner product transformation elim-
inates from the solution sequence backtracking and looping behavior found in action
sequence — so, it loses information about unproductive behaviors of the student [7]. But,
it retains information about the sequence of decisions the student takes about the final
placement of those lines just as the correct solution falls into place. In other words, it
captures the thinking of the student in putting the solution together after any trial-and-
error activities such as backtracking and looping. It is a reflection of the syntactic and
semantic relationships the student sees among the lines of code in the puzzle, i.e., it is
a reflection of the student’s mental model of the program. Therefore, it is an approxi-
mation of the puzzle-solving strategy of the student.



For a puzzle containing n lines of code, the length of action sequence is greater than
or equal to n. The length of solution sequence is n. If a student solves a puzzle with no
redundant actions, the solution sequence of the student is the same as the action se-
quence.

So, instead of considering combinatorially explosive number of states, we consider
a solution sequence of linear complexity, whose size is the number of lines in the code.
This solution sequence can be automatically extracted from the log data collected by
the tutor as compared to manually eliciting it using think-aloud protocol. So, our ap-
proach scales both with the number of lines in the puzzle and the number of students
solving the puzzle.

Action Solution
Sequence Inner Sequence Best
Product Best Match Match
Parser
c Sofuti BNF Grammar
5 0};1::1 0 u%.on for puzzle and
ubmission Time Language

Fig. 1. Architecture of our approach

2.2 Desirable Solution Strategies

Experts have been found to use top-down strategy to solve Parsons puzzles [5,8]. When
reading a program, experts do so in the order in which it is executed, which leads to the
development of a hierarchical mental model [12], a model that conceptualizes the ele-
ments of the program as forming a layered network of components, each of which can
be of arbitrary depth and breadth [10]. Expert programmers also use a hierarchical men-
tal model as compared to novices when understanding a program [6]. So, some desira-
ble puzzle-solving strategies are those that use a top-down strategy and/or a hierarchical
mental model of the program.

It is not clear that there is only one ideal strategy for solving Parsons puzzles — even
experts have been seen to switch strategies [5]. Therefore, any approach for incorporat-
ing puzzle-solving strategies associated with programming expertise into Parsons puz-
zle tutors must accommodate a variety of strategies.

A generalized mathematical model of puzzle-solving strategies is characterized as
follows: The lines in a puzzle may be grouped into subsets, such that all the lines within
a subset must be assembled contiguously in time. The order among the subsets as well
as among the lines within each subset may be total, partial or none. For example, two
of the subsets within a puzzle may be: the set of declaration statements and the set of
lines containing the shell of an if-else statement. A good strategy for solving the
puzzle might require that declaration statements must be assembled before 1 f-else
statement (total order). The various lines of code within the set of declaration statements



may be assembled in any order (no order). The braces within the shell of an 1 f-else
statement must be assembled in partial order: the closing brace must be assembled after
the opening brace, but the braces of if-clause and else-clause may be assembled in either
order.

Given these properties, we propose to use context free grammar or Backus-Naur
Form (BNF) grammar to represent desirable puzzle-solving strategies. Once desirable
strategies are represented using BNF grammar, a parser can be used to determine the
degree to which the solution sequence of a student conforms to one or more desirable
strategies. Since the BNF grammar can be used to simultaneously represent any number
of strategies for a puzzle, whether they are complementary or contradictory, using it
does not require commitment to any single idealized solution strategy.

2.3 BNF Grammar

A BNF grammar contains rules. Each rule is made up of terminals and non-terminals.
Terminals are elements of the language, e.g., eat, drink. Non-terminals are types of the
elements, e.g., noun, verb. Each rule contains a left hand side and a right hand side.
The left hand side of a rule is a single non-terminal. The right hand side is a sequence
of terminals and non-terminals. Alternatives in a rule are separated by vertical stroke.

In our case, the elements of the language are line numbers. The non-terminals are
types of lines in the puzzle, e.g., declaration, output. Each rule specifies the temporal
order in which a type of lines is assembled. Consider the following i f-else statement
to print two numbers in ascending order in C++:

1 if( first < second )

2 {

3 cout << first << endl;
4 cout << second << endl;
5 }

6 else

7 {

8 cout << second << endl;
9 cout << first << endl;
10 }

In the code, lines 1,2,5,6,7 and 10 constitute the shell of the i f-e1se statement. Lines
3 and 4 are if-clause. Lines 8 and 9 are else-clause. A good programming practice is to
assemble the entire shell of the 1 f-else before assembling the if-clause and else-
clause. This practice may be expressed in BNF grammar using the following rules:
<if-else> = <shell> <if-clause> <else-clause> | <shell> <else-clause> <if-clause>
<shell>>1256710[1625710[1671025
<if-clause> > 3443
<else-clause> > 899 8
In the grammar, non-terminals are enclosed in angle brackets <>. The first rule states
that when assembling the i f-else statement, the recommended practice is to assem-
ble the entire shell first, followed by if-clause and else-clause in either order. Similarly,
the third rule states that when assembling if-clause, lines 3 and 4 can be placed in their




correct location in either order. According to the grammar, every possible combination
of rules represents a desirable solution strategy. So, the above grammar represents 2 X
3 X 2 X 2 =24 different solution strategies.
The grammar is extensible. If it is later determined that another good strategy would be
to assemble the braces enclosing if-clause and else-clause at the same time as the
clauses, adding the following rules to the grammar will accommodate the new strategy:

<if-else> = 1 <if-block> 6 <else-block> | 1 6 <if-block> <else-block>

<if-block> = 2 <if-clause> 5

<else-block> = 7 <else-clause> 10
Each BNF grammar is specific to a puzzle and programming language (See Figure 1).
So, if a tutor contains 10 puzzles and can be used for 3 different programming lan-
guages, 30 different BNF grammars must be encoded to analyze the data collected by
the tutor.

24 A Best Match Parser

A parser takes a sentence and a grammar as inputs and outputs whether the sentence is
correct according to the grammar. In our case, the sentence is a solution sequence. We
not only wanted to know whether a solution sequence conformed to a grammar, but
also the degree to which it conformed if it did not fully conform to the grammar. So,
we developed a parser that takes two inputs: a BNF grammar and a solution sequence.
It returns a number representing the best match, i.e., the maximum number of consec-
utive lines in the solution sequence that conform to any combination of rules in the
grammar for the puzzle (See Figure 1). It uses depth-first search to do so.

For example, given the grammar in Section 2.3, the behavior of the parser is as follows:

e The solution sequence [1, 2, 5, 6, 7, 10, 8, 9, 3, 4] is completely correct. So, the
parser returns 10, the length of the solution sequence.

e The solution sequence [1, 6, 2, 5, 7, 10, 3, 9, 4, 8] is correct up to line 9 - the
student did not complete assembling if-clause before moving on to else-clause.
The parser returns 7, the number of lines correct up to line 9.

e The solution sequence [1, 6, 7, 10, 5, 2, 3, 4, 8, 9] is correct up to line 5 — the
student assembled the closing brace before the opening brace enclosing if-clause
in the 1 f-else shell. The parser returns 4, the number of lines correct up to
line 5.

Given a puzzle of n lines, the best match returned by the parser is in the range [0 ... n].

3 A Proof-of-Concept Evaluation

As proof of concept, we evaluated the data collected by a Parsons puzzle tutor [9] (ep-
plets.org) on 1f-else statements over 5 semesters: Fall 2016 — Fall 2018. The tutor
was used by students in introductory programming courses as after-class assignment.



Students used the tutor to solve puzzles in C++ or Java. Data for analysis was included
from students who gave IRB permission for their data to be used in the study.

The first puzzle solved by all the students was on a program to read two numbers,
and print the smaller value among them. Java version of the program is shown below.
The program contains 14 manipulable lines in both C++ and Java: 2 lines of variable
declaration (lines 9 and 11 below), 2 lines per input for 2 inputs (lines 13, 14 and 16,
17), followed by 8 lines of if-else statement (lines 19-26). The other lines in the
program, such as comments, were provided in-sifu.

1 // The Java program - 2005

2 import java.util.Scanner;

3 public class Problem

4 {

5 public static void main( String args([] )

6 {

7 Scanner stdin = new Scanner( System.in );
8 // Declare firstNum

9 int firstNum;

10 // Declare secondValue

11 int secondvalue;

12 // Read firstNum

13 System.out.print ( "Enter the first value");
14 firstNum = stdin.nextInt();

15 // Read secondValue

16 System.out.print ( "Enter the second value");
17 secondValue = stdin.nextInt():;

18 // Print the smaller value

19 if( firstNum < secondValue )

20 {

21 System.out.print ( firstNum) ;

22 } // End of if-clause

23 else

24 {

25 System.out.print ( secondValue) ;

26 } // End of else-clause

27 } // End of method main

28 } // End of class Problem
The BNF grammar for the puzzle stipulated that it should be solved in the following

order: the two declaration statements in any order, the two inputs in any order, i f-
else shell, followed finally by if-clause and else-clause in any order. The BNF gram-
mar for Java is listed below.

<start-2005> - <declaration> <input> <output>

<declaration> > 911|119

<input> —> <input1> <input2> | <input2> <input1>

<inputl> > 1314|1413

<input2> > 1617|1716

<output> > <if-frame> <clauses>




<if-frame> > 19 <if-brace> 23 <else-brace> | 19 <if-brace> 23 |
19 23 <braces> | 19 23

<braces> > <if-brace> <else-brace> | <else-brace> <if-brace> |
<if-brace> | <else-brace>

<if-brace> -> 2022

<else-brace> > 24 26

<clauses> > <if-clause> <else-clause> | <else-clause> <if-clause>

<if-clause> - 21

<else-clause> 2 25

We conducted one-way ANOVA with the best match as the dependent variable and
programming language as the fixed factor. We found a significant main effect for pro-
gramming language [F(1,411) = 15.794, p < 0.001]: C++ students had a best match
score (5.62 = 0.58, N = 114) significantly greater than Java students (4.24 + 0.36, N =
298). The mean best match for C++ students corresponded to assembling declaration
statements and both the inputs in the correct order. The same for Java students corre-
sponded to assembling declaration statements and only the first input in the correct
order. One possible explanation is that Java students were more likely to have been
exposed to graphical user input, where inputs are separated spatially, So, they did not
appreciate the linear order imposed on inputs in console input.

Our approach can be used to tease out the benefits of individual components of de-
sirable strategies. We hypothesized that students might not appreciate the benefit of
assembling the entire shell of an i f-else statement before assembling the code con-
tained in if-clause and else-clause. So, we added the following rules to the grammar
that bypassed this restriction and allowed students to assemble the braces around if-
clause and else-clause while assembling those clauses.

<output> > 19 <if-block> 23 <else-block> | 19 23 <if-block> <else-block>
<if-block> —>202122]202221|212022
<else-block> > 24 2526]24 2625252426

We re-analyzed the data to calculate the best match with this extended grammar.
ANOVA analysis with the original and extended best matches as the repeated measure
and programming language as the fixed factor yielded a significant within-subjects ef-
fect for the change in grammar [F(1,410) =197.367, p < 0.0001]: the mean best match
increased from 4.932 + 0.34 to 6.863 £ 0.56. As could be expected from earlier results,
we found a significant between-subjects effect for language also [F(1,410) = 18.599, p
< 0.001]. The best match of C++ students (N=114) significantly improved from 5.623
+0.58 to 8.123 £0.955. Similarly, the best match of Java students (N=298) significantly
improved from 4.242 + 0.36 to 5.604 = 0.59. So, bypassing the requirement that the
shell of i f-else must be assembled completely before its contents resulted in a mean
improvement in conformance of 2.5 lines for C++ students and 1.4 lines for Java stu-
dents. So, if assembling the shell first is indeed a good strategy, there is a need to better
educate students about its importance.




4 Discussion

We proposed solution sequence as an approximation of the student’s strategy for solv-
ing Parsons puzzles. It is scalable in terms of both the size of the puzzle and the number
of students solving the puzzle, compared to earlier approaches for modeling puzzle-
solving strategies of students [5,7,8].

We proposed BNF grammar to represent desirable puzzle-solving strategies asso-
ciated with expert programmers. This representation can accommodate complementary
and contradictory strategies together, and is extensible. This representation scheme is
agnostic to the puzzle-solving strategies themselves.

Finally, we proposed a best match parser that matches a student’s solution sequence
against the BNF grammar of a desirable strategy and quantifies the degree to which the
student’s solution conforms to the desirable strategy. As a proof of concept, we used
the parser to analyze the data collected by a Parsons puzzle tutor on if-else state-
ments over five semesters and found a significant difference between C++ and Java
puzzle-solvers in terms of their conformance to one desirable puzzle-solving strategy.
We demonstrated how our approach can be used to tease out the benefits of individual
components of a desirable strategy. In the process, we also found that bypassing the
constraint that shell must be assembled before its contents resulted in significant im-
provement in conformance of both C++ and Java students. Our approach can be used
for any programming language or paradigm.

One shortcoming of our approach is that solution sequence is an approximation of
the puzzle-solving strategy used by students because it loses information such as loop-
ing and backtracking behavior [7]. So, while it is suitable for understanding puzzle-
solving strategies and mental models used by students, action sequence is better for
diagnosing student misconceptions.

Our approach is designed to model desirable strategies and quantify how much stu-
dents’ solutions conform to those strategies, not to find patterns in students’ solutions.
Algorithms such as frequency counts and k-means clustering are better suited for find-
ing patterns in students’ solutions.

Currently, the best match parser returns the maximum number of consecutive lines
in a solution sequence that match a desirable strategy. In the future, we will consider
alternative matching algorithms such as Levenshtein algorithm.

In the future, we plan to use the BNF grammar representation of desirable puzzle-
solving strategies, coupled with a generator (instead of a parser) to provide proactive
hints to students as they solve puzzles in a tutor. Such hints might help students learn
the puzzle-solving strategies associated with programming expertise and in turn, help
students develop the mental models used by expert programmers and become better
programmers themselves.
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